. Finally, this study exemplifies the power of using yeast as a system to understand evolution through the reconstruction and experimental characterization of ancestral genes and their interactions. The phylogeny of yeast provides an unusual situation, because genetic-engineering tools developed to modulate brewer's yeast can be applied across several species -two experiments in this study were performed in 'non-model' species that have evolutionary intermediate-like mechanisms of regulation. Molecular evolution is sometimes criticized for not allowing the rigorous experimental testing of hypotheses, but the ability to functionally characterize evolutionary intermediates means that this is no longer the case. ■ Aaron M. New The authors propose that the loss of a2, which became possible because of the presence of α2, must have been the final step, making indirect regulation of asgs by Ste12 impossible. As such, although there are six orders in which these three evolutionary events could theoretically have occurred, only one is actually possible: gain of α2, then direct regulation of asgs by Ste12, followed by loss of a2 (Fig. 1) .
Sorrells and colleagues' work illustrates that it can be naive to try to understand the evolution of individual genes without considering the evolution of the regulatory networks in which they act. Similarly, it can be a folly to study the evolution of isolated networks and functions without the broader context. In this case, a change in the way cells define their mating type was required for a change in how they switch on genes when exposed to mating pheromone. Even in single-celled organisms, genes and networks are typically reused to achieve many different purposes. The mechanism by which one process is achieved can therefore affect how another can evolve. In multicellular organisms, the situation is likely to be even more complex, as genes and networks are reused in different cell types and organs.
It is worth noting that Sorrells et al. treated the two regulatory networks they studied as simple linear hierarchies of interactions. But much biological regulation, including that of the mating-pheromone response in yeast, involves feedback and complex nonlinear dynamics 8, 9 . In future studies, it will be necessary to investigate how these nonlinear 
SYMBIOSIS

Receptive to infection
EPR3, a plant protein, is found to act as a probable receptor for exopolysaccharide molecules that surround the plant's symbiotic bacteria. The advance sheds light on how recognition is governed in symbiotic relationships. See Article p.308
T he protective layers of polysaccharide molecules that bacteria build around themselves have varied roles, from buffering against environmental insults to disguising the cells from their hosts. These exopolysaccharides (EPS) are also thought to be involved in establishing symbiotic relationships, such as those between legume host plants and bacteria of the genus Rhizobium and related groups. On page 308 of this issue, Kawaharada et al. 1 move the decades-old quest to define this role for EPS a step forward, identifying a plant receptor protein that interacts with rhizobial EPS in a structurally specific manner.
In rhizobium-legume symbioses, bacteria induce plant roots to form specialized organs called nodules. The rhizobia infect the nodule tissue and differentiate to form bacteroids, which convert nitrogen into ammonia that the plant can use to synthesize protein.
The bacteria in turn benefit from plantderived sugars. These relationships are often specific: particular strains or species of rhizobium typically form nitrogen-fixing root nodules on only a few species of legume 2 . Such specificity is particularly interesting because of its evolutionary and ecological implications and its mechanistic intricacy -how do plants allow infection by a symbiotic friend but not a pathogenic foe?
According to a theory put forward in the 1970s, EPS mediate specificity by recognizing seed lectins (carbo hydrate-binding proteins) of the corresponding host plant. However, this proposed role for lectins was not supported by later genetic and biochemical studies. The first evidence against the theory was the finding 3 that bacterial nod genes, which are key determinants of nodule formation, were expressed only when rhizobia obtained a signal from the plant and then made a signal in return -a crucial molecular conversation between bacteria and plants that had previously been missed.
The enzymes encoded by nod genes produce and modify small carbohydrates called Nod factors. Surprisingly, Nod factors are structurally quite different from EPS and other bacterial polysaccharides. They have a short chitin backbone, with side-chain modifications that vary for different bacterial species, such that they cause nodule formation only on certain plant hosts 4 . Nod factors interact with plant proteins, including Nod-factor receptor 1 (NFR1), NFR5 and SymRK, that act as receptors 5 . The signalling pathway activated by these Nod-factor receptors stimulates many plant responses, including nodule development and transcription 6 . The discovery of Nod factors did not end the specificity saga 7 . In the 1980s, it emerged that EPS are essential for the actual invasion of plants 8, 9 , and several studies have suggested that the molecules' structures confer some infective specificity. For instance, the rhizobium Mesorhizobium loti produces EPS based on '8-sugar' monomers of ribose, glucose and galactose, and can make normal nodules on its host plant, Lotus japonicas. But a mutant form of M. loti that makes truncated EPS induces the formation of only small, uninfected nodulelike structures 10 . Kawaharada et al. reasoned that, although normal hosts can interact only with full-length EPS, a mutated form of the host receptor protein might interact with truncated EPS, allowing normal nodulation. In a genetic 'suppressor' screen, they uncovered a mutant plant strain, exo277, that forms normal infected nodules with the mutant bacteria. The authors found that exo277 harbours a singlenucleotide mutation in a gene that they dubbed exopolysaccharide receptor 3 (Epr3).
Kawaharada and colleagues analysed the DNA sequence of wild-type Epr3, and found that the encoded protein is likely to be a membrane-spanning receptor-like protein showing striking similarity to NFR1. Both contain three extracellular LysM domains -regions that are closely related to chitin-binding proteins and are proposed to bind chitin-based molecules such as Nod factors. They also harbour an intracellular kinase domain, which might transduce the signal from the activated receptor into an intracellular signalling cascade. However, the amino-acid sequences around two EPR3 LysM domains differ from those of Nod-factor receptors: specific sequences normally found in evolutionarily conserved positions are located elsewhere, and are predicted to form different secondary structures. That the LysM domains are nonetheless important is shown by the fact that they are altered in several EPR3 mutants that show abnormal symbiotic behaviours. Thus, there is a correlation between altered LysM domains and changed receptor function.
Consistent with its predicted structure and function, the authors found that EPR3 is located at the cell membrane if artificially expressed in leaves of the plant Nicotiana benthamii and that, when purified, the extracellular domain binds to 8-sugar monomeric units of EPS. Finally, Kawaharada et al. demonstrated that Epr3 gene expression depends on Nod-factor signalling. Thus, early interactions between rhizobia and their plant partners involve two successive molecular conversations: first, the induction of Nodfactor synthesis in rhizobia and subsequent Nod-factor signal transduction in plant cells, leading to several plant responses, including transcription of EPS-receptor genes; and second, the perception of structurally specific EPS by those newly produced receptors (Fig. 1) .
Kawaharada and colleagues' identification of a probable EPS receptor should open the door to the discovery of other components of the infection process. For instance, NFR1 and NFR5 are thought to act in concert with the co-receptor protein SymRK, which has an intracellular kinase domain and a distinct, leucine-rich-repeat type extracellular domain. One therefore wonders whether there might also be co-receptors for EPR3.
Furthermore report that NF signal transduction induces transcription of the gene Epr3, which they predict encodes a receptor protein that is intriguingly similar to NFR1-family receptors, and that can recognize EPS.
